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QUANTITATIVE ANALYSIS METHOD FOR density polyethylene ) and ethylene - propylene copolymers . 
HIGH MOLECULAR WEIGHT It is used in carbon black - filled systems , such as wires and 

ANTIOXIDANT cables . Therefore , it is required to establish quantitative 
analysis method of Naugard Super Q. Since Naugard Super 

CROSS - REFERENCE TO RELATED 5 Q has a polymeric form , it is not detected as a single 
APPLICATIONS component in the quantitative analysis by chromatography . 

It causes a difficulty in the analysis and thus it is necessary 
The present application is a national phase entry under 35 to establish an analysis method in order to solve the prob 

lem . U.S.C. $ 371 of International Application No. PCT / KR2018 / 
008259 , filed on Jul . 23 , 2018 , which claims priority from The present inventors developed a method for quantitative 

analysis of the content of Naugard Super Q contained in Korean Patent Application No. 10-2017-0116612 , filed on 
Sep. 12 , 2017 , all of which are incorporated herein by semiconductive products for cables , by extracting the semi 

conductive products with an acetone solvent and then ana reference . lyzing them by gas chromatography ( GC ) / flame ionization 
15 detector ( FID ) . BACKGROUND OF THE INVENTION 

10 

a 

a 

SUMMARY OF THE INVENTION 1. Field of the Invention 

The present invention relates to a method for quantitative It is an object of the present invention to provide a method 
analysis of high molecular weight antioxidants and , more 20 for accurately analyzing the content of an antioxidant , 
particularly , to a method for analyzing content of an anti specifically Naugard Super Q , added to semiconductive 
oxidant contained in a semiconductive material for a cable , products for cables . 
wherein the antioxidant is an amine - based antioxidant . Naugard Super Q has a polymeric form , which has been 

found to be detected not as a single component but as 
2. Description of the Related Art 25 multiple peaks in quantitative analysis with gas chromatog 

raphy ( GC ) / mass spectrometry ( MS ) . The same peaks were 
Semiconductive products for insulated power cables for also detected in analysis with gas chromatography ( GC ) . It 

ultra - high voltage or power cables used in power equipment is possible to quantify based on the peak of molecular weight 
are based on polymer materials . Semiconductive products ( MW ) of 362 corresponding to the dimer ( dimeric form of 
used in power cables and power equipment should have 30 monomers having methyl group bonded thereto ) consisting 
excellent electrical conductivity due to their usage charac of monomers for Naugard Super Q. 
teristics , and should not reduce their electrical properties or In order to achieve the above object , the present invention 
mechanical properties and should not cause deterioration provides a method for quantitatively analyzing a semicon 
even after long - term use . ductive material for a cable containing Naugard Super Q as 

Semiconductive products for cables are produced from a 35 an antioxidant by GC / FID . 
semiconductive composition which is prepared by mixing an Specifically , the present invention provides a method for 
ethylene - based copolymer resin , in particular an ethylene quantitatively analyzing a high molecular weight antioxi 
vinyl acetate ( EVA ) resin , an ethylene - ethyl acrylate ( EEA ) dant in a semiconductive material for a cable , the method 
resin or an ethylene - butyl acrylate ( EBA ) resin which is comprising the steps of : weighing a semiconductive material 
used alone or in combination thereof as a matrix resin with 40 for a cable comprising a matrix resin , a high molecular 
carbon black , an antioxidant , a crosslinking agent , a cross weight antioxidant , carbon black and a crosslinking agent , 
linking aid , a processable lubricant , and the like . dissolving the material in an acetone solvent , heating the 

Semiconductive products are subject to a gradual oxida solu on , extracting the solution overnight , cooling the solu 
tion process due to the effects of temperature , light , and tion to room temperature , filtering it , analyzing filtrate by 
transition metals , if they are not kept in a specific storage 45 GC / FID and calculating the content of the antioxidant by 
condition . Such oxidation typically leads to aging of the using Equation 1 below : 
polymeric material . The aging of the polymeric material can 
be significantly reduced by adding an antioxidant . Content of high molecular weight antioxidant ( ppm , 

ug / g ) = { ( Cca / W sample ) x V sample } [ Equation 1 ] , 
Naugard Super Q is often used as an antioxidant to 

improve electrical properties of semiconductive products for wherein Ccal represents concentration ( ppm , ug / ml ) of a 
cables . high molecular weight antioxidant determined using cali 

Naugard Super Q ( polymerized 1,2 - dihydro - 2,2,4 - trim- bration curve ; W sample represents weight ( g ) of a semicon 
ethylquinoline ) is an amine - based antioxidant with molecu- ductive sample for a cable ; and V sample represents volume 
lar weight 874 and has the following formula : ( ml ) of an acetone solvent . 

In one embodiment , the matrix resin comprises an ethyl 
ene - vinyl acetate ( EVA ) resin . In case of a semiconductive 

H3C material for XLPE cable ( cross - linked polyethylene insu 
lated cable ) , EVA , EEA or EBA resin is used as a basic resin , 
and LD or LLD wax may be mixed thereto in consideration 

-CH3 . 60 of properties and workability . 
CH3 In one embodiment , the matrix resin may be used in an 

amount of 50 to 60 wt % based on the weight of the 
semiconductive material for a cable . If the resin content is 
lower than the lower limit , it is interpreted that the amount 

It is an effective long - term heat stabilizer for a variety of 65 of carbon black is relatively increased . In this case , the 
application areas in LDPE ( low density polyethylene ) , resistance value of the semiconductive resin becomes 
LLDPE ( linear low density polyethylene ) , HDPE ( high higher . Generally , the resistance value of the semiconductive 
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material is controlled to be not more than a specific value corresponding to the dimer ( dimeric form of monomers 
( for example , it is controlled to be not more than 1000 2.cm having methyl group bonded thereto ) consisting of mono 
at 90 ° C. ) . If the resistance value of the semiconductive mers for Naugard Super Q. 
material is increased , a workability problem such as an FIG . 2 shows GC / FID chromatograms for Naugard Super 
increase in the processing load is generally occurred . On the 5 Q standard and Naugard Super Q in the semiconductive 
other hand , if the content of the resin is higher than the upper material for a cable according to one embodiment of the 
limit , it is interpreted that the amount of carbon black is present invention . relatively decreased . It may result in lower mechanical FIG . 3 shows a calibration curve plotted with the con properties and lower productivity of the semiconductive centration of the Naugard Super Q standard and the peak product . In addition , since the amount of carbon black is reduced , the role of electric relaxation may be reduced . 10 area of the GC / FID chromatogram for the Naugard Super Q. FIG . 4 shows GC / FID chromatograms for Naugard Super Therefore , the ratio of carbon black to matrix resin can be a 
factor affecting the workability , electrical characteristics , Q standard and Naugard Super Q in each of Examples 1 to 

5 . appearance and productivity of semiconductive products . 
In one embodiment , the antioxidant comprises Naugard 

Super Q , an amine - based antioxidant . In one embodiment , 15 DETAILED DESCRIPTION OF THE 
the antioxidant is quantifiable in dimeric form of the mono INVENTION 

In one embodiment , the semiconductive material for a Hereinafter , the present invention will be described in 
cable may comprise 50 to 60 wt % of a matrix resin , 0.1 to more detail . 
1 wt % of an antioxidant , 33 to 40 wt % of carbon black , and 20 The terms and words used in the present specification and 
0.3 to 2 wt % of a crosslinking agent . In another embodi claims should not be construed as limited to ordinary or 
ment , the semiconductive material for a cable may further dictionary meanings and should be interpreted with the 
comprise additives such as a crosslinking aid and a process meaning and concept consistent with the technical idea of 
ing auxiliary , in addition to the above - mentioned compo the present invention based on the principle that the inventor 
nents . 25 can appropriately define the concept of the term in order to 

In one embodiment , the solution of the semiconductive explain his invention in the best way . 
material for a cable and acetone may be heated to from 50 ° An object of the present invention is to provide a method 
C. to 60 ° C. for quantitative analysis of a high molecular weight anti 

In one embodiment , the semiconductive material for a oxidant used in semiconductive products , for example 
cable has a specific resistivity of 500 to 1000 2.cm at room 30 Naugard Super Q , for which accurate quantitative analysis 
temperature and at high temperature ( 100 ° C. ) in terms of was difficult by conventional GC / MS analysis . 
electrical characteristics . In order to achieve the above object , the present invention 

In one embodiment , acetylene black or furnace black may provides a method for quantitatively analyzing a high 
be used as the carbon black . The range of 33 to 40 % by molecular weight antioxidant in a semiconductive material 
weight of the content of the carbon black is such that the 35 for a cable , the method comprising the steps of : weighing a 
workability and mechanical strength are not lowered . semiconductive material for a cable comprising a matrix 

In one embodiment , the crosslinking agent may be at least resin , a high molecular weight antioxidant , carbon black and 
one selected from the group consisting of dicumyl peroxide a crosslinking agent , dissolving the material in an acetone 
( DCP ) , perbutyl peroxide ( PBP ) , di - tert - butyl peroxydiiso solvent , heating the solution , extracting the solution over 
propylbenzene and 1,1 - bis ( tert - butylperoxy ) -3,3,5 - trim- 40 night , cooling the solution to room temperature , filtering it , 
ethyl - cyclohexanol . In another embodiment , triallyl isocya analyzing the filtrate by GC / FID and calculating the content 
nurate ( TAIC ) may be used as the crosslinking aid . of the antioxidant by using Equation 1 below : 

In one embodiment , the semiconductive material for a 
cable may further comprise the crosslinking aid such as Content of high molecular weight antioxidant ( ppm , 

ug / g ) = { ( Ccal W sample ) x Vsample } [ Equation 1 ] , ethylene glycol dimethacrylate , 1,3 - butylene glycol dime- 45 
thacrylate or trimethylolpropane trimethacrylate . wherein Ccal represents concentration ( ppm , ug / ml ) of a 

In one embodiment , the quantitative analysis value of the high molecular weight antioxidant determined using cali 
antioxidant in the semiconductive material for a cable may bration curve ; W sample represents weight ( g ) of a semicon 
be 80 % or more relative to the actually used amount . ductive sample for a cable ; and V 

In one embodiment , the apparatus used for the GC / FID 50 ( ml ) of an acetone solvent . 
analysis is not particularly limited as long as it is commonly In one embodiment , the matrix resin is an ethylene - vinyl 
used in the art . For example , an Agilent 5890B GC system acetate ( EVA ) resin . In case of a semiconductive material for 
of Agilent Technologies ( USA ) may be used . XLPE cable , EVA , EEA or EBA resin is used as a base resin , 

and LD or LLD wax may be mixed thereto in consideration 
Effect of the Invention 55 of properties and workability . 

In one embodiment , the matrix resin may be used in an 
According to the quantitative analysis method of the amount of 50 to 60 wt % based on the weight of the 

present invention , it is possible to quantitatively analyze a semiconductive material for a cable . If the resin content is 
content of a high molecular weight antioxidant by dissolving lower than the lower limit , the amount of carbon black is 
semiconductive materials for a cable containing a high 60 relatively increased and in this case the resistance value of 
molecular weight antioxidant in an acetone solvent and the semiconductive material becomes higher . If the resis 
analyzing it by GC / FID . tance value of the semiconductive material is increased , a 

workability problem such as an increase in the processing 
BRIEF DESCRIPTION OF THE DRAWINGS load is occurred . On the other hand , when the content of the 

65 resin is higher than the upper limit , it is interpreted that the 
FIG . 1 shows that quantification is possible based on the amount of carbon black is relatively decreased . It may result 

peak of molecular weight ( MW ) of 362 ( 2 M.W. peak ) in lower mechanical properties and lower productivity of the 

V 

a 

sample represents volume 
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semiconductive product . In addition , since the amount of Column : HP - 5 ( 30 m L.x0.32 mm I.D. , 0.25 um d.f. 
carbon black is reduced , the role of electric relaxation may capillary ) 
be reduced . Therefore , the ratio of carbon black to matrix Gas flow rate : Column ( He ) : 1 mL / min 
resin serves as a factor affecting the workability , electrical Oven temperature : 100 ° C. , 3 min - 15 ° C./min->320° C. , 
characteristics , appearance and productivity of semiconduc- 5 20 min 
tive products . Injection volume : 1.0 uL 

In one embodiment , the antioxidant comprises Naugard Injector Split ratio : 20/1 
Super Q as an amine - based antioxidant . 3. Chromatogram of Standard Solution 

In one embodiment , the semiconductive material for a The Naugard Super Q standard solution was detected as 
cable may comprise 50 to 60 wt % of a matrix resin , 0.1 to 10 several peaks , and the retention time of the dimer was 16.9 
1 wt % of an antioxidant , 33 to 40 wt % of carbon black , and minutes as shown in FIG . 2 . 
0.3 to 2 wt % of a crosslinking agent . In another embodi- 4. Calculation of Content of Naugard Super Q 
ment , the semiconductive material for a cable may further ( 1 ) Peaks on the GC / FID chromatogram for Naugard 
comprise additives such as a crosslinking aid and a process- Super Q standard solution were identified and the areas of 
ing auxiliary , in addition to the above - mentioned compo- 15 the peaks were calculated . The calibration curve was 
nents . obtained by plotting the concentration of the standard solu In one embodiment , the solution of the semiconductive tion and the calculated peak area . The correlation coefficient material for a cable and acetone may be heated to from 50 ° ( R2 ) should be not less than 0.995 . The calibration curve is C. to 60 ° C. shown in FIG . 3 . In one embodiment , the semiconductive material for a ( 2 ) Peaks on the chromatogram for the sample solution cable has a resistivity of 500 to 1000 2.cm at room tem 
perature and at high temperature ( 100 ° C. ) in terms of were identified and the areas of the peaks were calculated . 
electrical characteristics . Then the concentration was obtained by using the calibration 

In one embodiment , as the carbon black , acetylene black curve . The concentration of Naugard Super Q in the sample 
or furnace black may be used . The range of 33 to 40 % by was calculated according to Equation 1 below : 
weight of the content of the carbon black is such that the 25 
workability and mechanical strength are not lowered . Content of high molecular weight antioxidant ( ppm , 

ug / g ) = { ( Cea / Wsample ) V sample } [ Equation 1 ] , In one embodiment , the crosslinking agent may be at least 
one selected from the group consisting of dicumyl peroxide wherein Ccal represents concentration ( ppm , ug / ml ) of a 
( DCP ) , perbutyl peroxide ( PBP ) , di - tert - butyl peroxydiiso- high molecular weight antioxidant determined using cali 
propylbenzene and 1,1 - bis ( tert - butylperoxy ) -3,3,5 - trim- 30 bration curve ; W sample represents weight ( g ) of a semicon 
ethyl - cyclohexanol . In another embodiment , triallyl isocya- ductive sample for a cable ; and V 
nurate ( TAIC ) may be used as the crosslinking aid . ( ml ) of an acetone solvent . 

In one embodiment , the semiconductive material for a In this experiment , the volume of acetone solvent was 10 cable may further comprise the crosslinking aid such as ml . That is , the sample was extracted by using 10 ml of ethylene glycol dimethacrylate , 1,3 - butylene glycol dime- 35 acetone as a pretreatment solvent ( Vsample = 10 ml ) . thacrylate or trimethylolpropane trimethacrylate . 
In one embodiment , the quantitative analysis value of the Examples 1 to 5 antioxidant in the semiconductive material for the cable may 

be 80 % or more relative to the actually used amount . ( 1 ) Purpose In one embodiment , the apparatus used for the GC / FID 
analysis is not particularly limited as long as it is commonly The purpose is to perform quantitative analysis of differ 
used in the art . For example , an Agilent 5890B GC system ent contents of Naugard Super Q contained in semiconduc 
of Agilent Technologies ( USA ) may be used . tive materials ( to confirm the accuracy of quantitation by 

Hereinafter , embodiments of the present invention will be checking the difference between the prescription value ( the 
described in detail so that those skilled in the art can easily actually used amount ) and the measurement value ) . 
carry out the present invention . The present invention may , ( 2 ) Preparation of Sample 
however , be embodied in many different forms and should Five samples ( corresponding to Examples 1 to 5 , respec 
not be construed as limited to the embodiments set forth tively ) were prepared as described in the “ 1. Preparation of 
herein . sample ” above by using semiconductive pellets for a cable 

having different contents of Naugard Super Q , and then 
Example 50 analyzed the samples by GC / FID . Then , the contents of 

Naugard Super Q in the samples were determined three 
1. Preparation of Sample times for each sample by using Equation 1 above to obtain 
1 ) 1 g of semiconductive pellets ( including EVA resin ) for an average value of the measurement values . a cable were precisely weighed into 15 ml vials , added 10 ml ( 3 ) Results of acetone thereto and extracted the solution overnight at 60 ° The results of measurement of the content of Naugard C. Super Q in each of the semiconductive materials of 2 ) The solution obtained from 1 ) above was cooled to Examples 1 to 5 were analyzed with an average recovery room temperature , filtered the solution , and analyzed the 

filtrate by GC / FID . rate of 90 % to the prescription values ( the actually used 
2. Analysis Condition of GC / FID amount ) . The prescription values and the measurement 
An Agilent 5890B GC system from Agilent Technologies , 60 values of the content of Naugard Super Q are shown in Table 

Inc. was used for GC / FID analysis . 1 below . The GC / FID chromatogram for each of the samples 
The column was HP - 5 . The GC oven temperature was of Examples 1 to 5 is shown in FIG . 4. From FIG . 4 , it can 

maintained at 100 ° C. for 3 minutes . Then , the temperature be seen that the retention time of the dimeric form of 
was raised to 320 ° C. at a rate of 15 ° C./min and then monomers for Naugard Super Q for each of the samples of 
maintained for 20 minutes at the same temperature to obtain 65 Examples 1 to 5 is 16.9 minutes which is similar to that in 
a chromatogram ( total operation time : 38 minutes ) . The the GC / FID chromatogram for the Naugard Super Q stan 
detailed analysis condition is as follows . dard of FIG . 2 

40 
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TABLE 1 

Average 
ratio of 

Measurement 
value to 

Prescription 

Ratio of 
Measurement 

value to 
Prescription 
value ( % ) 

Sample of 
semiconductive 
material 

Prescription 
value ( wt % ) 

Measurement 
value ( wt % ) value ( % ) 

90.0 Example 1 
Example 2 
Example 3 
Example 4 
Example 5 

N / A 
0.1 
0.3 
0.5 
1.0 

0.08 
0.28 
0.45 
0.96 

80.0 
93.3 
90.0 
96.0 

15 

20 

25 

30 

Based on the results shown in Table 1 , it can be seen that W sample represents a weight ( g ) of a the semiconductive 
according to the present invention it is possible to accurately material ; and 
measure the content of the high molecular weight antioxi V sample represents a volume ( ml ) of the acetone solvent , 
dant in the semiconductive material with respect to the wherein the antioxidant is an amine - based antioxidant , actually used amount . Naugard Super Q ( polymerized 1,2 - dihydro - 2,2,4 - trim While the present invention has been particularly shown ethylgyinoline ) . 
and described with reference to specific embodiments 
thereof , it will be apparent to those skilled in the art that this 2. The method according to claim 1 , wherein 
specific description is merely a preferred embodiment and the matrix resin is present in an amount from 50 wt % to 
that the scope of the invention is not limited thereby . It is 60 wt % based on a total weight of the semiconductive 
therefore intended that the scope of the invention be defined material , 
by the claims appended hereto and their equivalents . the antioxidant is present in an amount from 0.1 wt % to 
What is claimed is : 1 wt % based on a total weight of the semiconductive 
1. A method for quantitative analysis of an antioxidant in material , 

a semiconductive material for a cable : the carbon black is present in an amount from 33 wt % to 
weighing the semiconductive material , wherein the semi 40 wt % based on a total weight of the semiconductive 

conductive material comprises a matrix resin , a high material , and 
molecular weight antioxidant , carbon black and a 
crosslinking agent , the crosslinking agent is present in an amount from 0.3 wt 

% to 2 wt % based on a total weight of the semicon dissolving the semiconductive material in an acetone ductive material . 
solvent to form the solution , 

heating the solution , 3. The method according to claim 1 , wherein the matrix 
extracting the solution overnight , resin comprises an ethylene - vinyl acetate ( EVA ) resin . 
cooling the solution to room temperature , 4. The method according to claim 1 , wherein the solution 
filtering the solution to form a filtrate , of the semiconductive material is heated to a temperature 
analyzing the filtrate by gas chromatography ( GC ) / flame 40 ranging from 50 ° C. to 60 ° C. ° 

ionization detector ( FID ) and calculating a content of 5. The method according to claim 1 , wherein the quanti 
the antioxidant by using Equation 1 below to provide tative analysis value of the antioxidant in the semiconduc 
an quantitative analysis value of the antioxidant in the tive material is 80 % or more relative to an actual amount 
semiconductive material : used . 

Content of high molecular weight antioxidant ( ppm , 6. The method according to claim 1 , wherein the cross 
ug / g ) = { ( Ccal W sample le ) xVsample } [ Equation 1 ] , linking agent is dicumyl peroxide ( DCP ) , perbutyl peroxide 

wherein Ceai represents a concentration ( ppm , ug / ml ) of ( PBP ) , di - tert - butyl peroxydiisopropylbenzene or 1,1 - bis 
the high molecular weight antioxidant determined by ( tert - butylperoxy ) -3,3,5 - trimethyl - cyclohexanol . 
using calibration curve ; 

35 
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